Heydari Wildlife Refuge (HWR) is located in Binalood mountain range of the Razavi Khorassan Province in Northeastern Iran. The area belongs to the central part of Khorassan-Kopet Dagh floristic province, which is a transitional zone between different phytogeographical units in the Irano-Turanian region. We investigated the floristic composition, life-form spectrum and the phytogeography of the area during 2014-2017 by collecting vascular plants and establishing 443 random-quadrats in representative stands of different vegetation types. A total of 588 vascular plant taxa (species and subspecies) belonging to 304 genera and 65 families are recorded as native and naturalized in the study area. The richest plant families are Asteraceae (40 genera/87 species), Fabaceae (15/72), Poaceae (33/60), Brassicaceae (33/49), Lamiaceae (19/32), and Apiaceae (18/27). The genera Astragalus (44 species), Cousinia (17), and Allium (10) are the richest ones. However, the dominant canopy cover belongs to Acantholimon, Astragalus, Artemisia, and Acanthophyllum species. Raunkiaer's plant life-form spectrum in the area is dominated by hemicryptophytes (41.50%) and therophytes (28.06%). The core flora of HWR has the Irano-Turanian origin; the widespread elements are also well represented in the study area. Based on the Sørensen dissimilarity index, the HWR has about 50% dissimilarity to the adjacent areas. The study area is inhabited by several Iranian and/or KhorassanKopet Dagh endemic (19%), threatened (16%), and narrow-range plant species. The results indicate the importance of the HWR in the plant diversity of NE Iran.
Introduction
Iran, with about 7300 vascular plant species (Akhani 2006 , Govaerts 2001 ) in a 1.65 million square kilometers surface area, is the second richest country after Turkey in SW Asia (Davis et al. 1994) . Iran is predominantly covered by mountain ranges and deserts. The geographic and habitat diversity result in diverse bioclimatic regions and consequently a rich flora and vegetation diversity in the country. The flora of Iran is influenced by three main floristic regions of the Old World, i.e. Irano-Turanian (IT), Euro-Siberian (ES), and Saharo-Sindian (SS) (Zohary 1973 , Léonard 1988 , 1993 . The mountainous terrain of the NE Iran belongs to an independent floristic province of the IT region, named "Khorassan-Kopet Dagh" (Memariani et al. 2016a ). This area is primarily influenced by Central Irano-Turanian desert elements of the south and southwest and by many local and regional endemic taxa exclusively originated in KhorassanKopet Dagh (KK) foothills and mountains. Furthermore, there are many widespread species; the flora of surrounding Central Asian, Afghanistan, the Aralo-Caspian and ES regions enrich the plant diversity of KK (Fet 1994 , Memariani et al. 2016b .
Restoring biodiversity will probably increase ecosystem resistance to climate extremes, which were predicted to become increasingly frequent as the global climate continues to change (Isbell 2015) . Investigating the flora of a region is a strategy to know its diversity, and thus the base for management programs and conservation of natural resources (Encina-Domínguez et al. 2016) . The awareness of the importance of exploring and preserving the floristic diversity of protected areas has dramatically increased in the latest years (Akhani 1998 , Jafari & Akhani 2008 , Memariani et al. 2016a . There is still a major lack of basic knowledge of the plants themselves.
The Heydari Wildlife Refuge (HWR) is located in Razavi Khorassan province. It was designated a Wildlife Refuge in 2002. According to the bioclimatic maps of Iran (Djamali et al. 2012 ) the area has an "Irano-Turanian bioclimate".
Despite its vast area and crucial position in the central part of KK floristic province, little is known about the floristic composition of the HWR. More recently, there have been local floristic collections made by Joharchi in 2003, resulting in the description of a new species, Cousinia amicorum Tscherneva, Joharchi & Ghahremaninejad (in Tscherneva et al. 2005) . There are several occasional plant collections at the HWR recorded in "Flora Iranica" (Rechinger 1963 (Rechinger -2015 . Nikan et al. (2012) studied the floristic composition of the semi-steppe habitats in Baharkish, a small area located in the north of HWR and recorded 156 species from three sites under different grazing intensities. The objectives of this study are: 1) to provide an annotated checklist of the plants and their life-forms, chorotypes and plant endemism in HWR, 2) to compare species composition between HWR and the other areas previously studied in northeastern Iran and 3) to encourage honouring the nature and protecting vegetation along with conserving the wildlife in the area. 
Results

Floristic composition
The total number of 588 species and infraspecific taxa of vascular plants belonging to 304 genera and 65 families has been collected and identified from the study area (Appendix I). Angiosperms include Dicots with 472 species, 243 genera, and 47 families followed by Monocots with 111 species, 57 genera, and 14 families. Gymnosperms include three species, two genera and two families, and Ferns are represented by two species, two genera and two families. The richest families are Asteraceae (40 genera/87 species), Fabaceae (15/72), Poaceae (33/60), Brassicaceae (33/49), Lamiaceae (19/32) , and Apiaceae (18/27) ( Table 1) . The genera Astragalus Linnaeus (1753: 755) (44 species), Cousinia Cassini (1827: 503) (17 species), and Allium Linnaeus (1753: 294) (10 species) are the richest ones; however, the species of Acantholimon Boissier (1846b: 69), Astragalus, Artemisia Linnaeus (1753: 845) , and Acanthophyllum Meyer (1831: 210) make the dominant canopy cover in the area. Table 2 shows 32 genera presented by four or more species in the HWR. Figures 3 and 4 show the characteristic landscapes and selected rare and threatened plants in the HWR.
Based on the Sørensen similarity index, the floristic composition of the HWR is 57.65, 47.48 and 47.81% similar to the adjacent areas of Fereizi, Ghorkhod Protected Area, and Baghshangach, respectively. 
Phytogeography
More than two-thirds of species (69.13%) in the area belong to the Irano-Turanian floristic region. Widespread elements (11.84%), i.e. pluri-regional, sub-cosmopolitan and cosmopolitan species, make up a remarkable proportion of the flora followed by tri-regionals (9.43%) and bi-regionals (9.26%) with a relatively wide distribution range. The EuroSiberian species have an inconsiderable frequency (0.34%) in the phytogeographical spectrum of the area ( Figure 6 ). The main subdivisions of Irano-Turanian elements are widespread IT (26.8%), Central IT (20.34%), IT elements endemic to KK floristic province (16.38%), and Central-Eastern IT (11.16%) ( Figure 7 ). Sixty-four species (10.88%) are endemic to Iran; however, there are 115 sub-endemic or regional endemic taxa (19.56%) in the study area occurring mainly in Iran and in one or both of adjacent countries, i.e. Turkmenistan and Afghanistan (Appendix I). Four-fifths of endemic and sub-endemic plants (76 taxa) have been evaluated as threatened species. In total, 96 plant species (16.33%) are threatened in HWR. Based on the previous data, Cousinia amicorum was the only known local endemic of the HWR (Figure 4b-c ), yet a new survey (Mehregan & Assadi 2016) shows the occurrence of the species in the other Iranian parts of KK floristic province. 
Vegetation and physiognomy
Approximately 40 percent of the study area is covered by vegetation. The mountainous subalpine vegetation of the area is dominated by thorn-cushion plants mainly as different combinations of Astragalus spp., Acantholimon spp., Acanthophyllum spp., and Onobrychis cornuta (Linnaeus 1763 : 1060 ) Desvaux (1814 (Figure 3 a-b) . Acantholimon erinaceum (Jaubert & Spach 1844 : 163) Linczevski (in Komarov 1952 , Astragalus verus Olivier (1807: 342) , Acantholimon raddeanum Czerniakowska (1930: 276) , and Acanthophyllum glandulosum Bunge ex Boissier (1867: 565) are the most frequent thorn-cushion species. In the lower elevations, the cushion plants are replaced by the steppe flora of Artemisia and Artemisia-Astragalus. Meadow steppes are mainly described as Festuca valesiaca Schleicher ex Gaudin (1811:242) and Elymus Linnaeus (1753: 83)-Stipa Linnaeus (1753: 78) steppes, or mosaic stands of leymus Hochstetter (1848: 118) steppes in some west-facing slopes. leymus steppes are described as semi-dense patches of up to 60% canopy cover. In the lower belt of the mountains, especially on the well-developed soils, there are mixtures of Acantholimon erinaceum and Acanthophyllum adenophorum Freyn (1902 Freyn ( -1903 (Figure 3 d) .
The woodlands of Juniperus polycarpos Koch (1849: 303) var. turcomanica (Fedtschenko 1932: 14) Adams (Adams et al. 2008 ) occur as small patches in the uplands of the HWR. The vast stands of these juniper woodlands in the southwest of the area extend from the highest elevation (about 2900 m) to the lowest parts (about 1700 m) of the Heydari River (Figure 3 a) . The natural regeneration of juniper trees is observed in this stand; however, in the other areas, the juniper woodlands are distributed as isolated stands or as single old-growth individual trees with no observable seedlings. Open to semi-dense shrublands are formed in mesic valleys composed mainly of Cotoneaster spp., lonicera nummulariifolia Jaubert & Spach (1843: 133) , Ephedra major Host (1831: 671) , and Berberis integerrima Bunge (1844: 145) . Marl foothills are mainly covered by halophytic species viz. Krascheninnikovia ceratoides (Linnaeus 1753: 979) Gueldenstaedt (1772: 555) , Salsola arbusculiformis Drobow (1916: 142) , and Reaumuria alternifolia Britten (1916:110) . The lands close to the summer villages, nomads' pastures and areas along the side of roads are covered by ruderal and invasive communities.
Discussion
The total number of 588 species and infraspecific taxa, 304 genera, and 65 families of vascular plants reported here reveal the significance of the plant biodiversity of the area. Angiosperms include Dicots (472 spp., 243 genera and 47 families) followed by Monocots (111, 57 and 14) , show the dominance of dicots (dicots to monocots ratio of four to one) in the study area, typical to Iranian and Middle Asian floras (Kamakhina 1994) . Gymnosperms and Ferns have a minor contribution to the floristic composition of the HWR. The richest plant families are Asteraceae, Fabaceae, Poaceae, Brassicaceae, Lamiaceae, and Apiaceae. The majority of the species belong to small numbers of families. These characteristics have also been reported for the floristic composition of the several areas in Iran (Ghahreman et al. 2006 , Memariani et al. 2016a , of total flora of Iran (Ghahremaninejad & Nejad Falatoury 2016) , and Turkmenistan (Kamakhina 1994) . Diverse terrains such as marl foothills, sliding slopes, rocks, streams, rivers, upland-villages and available aquifers as well as meadows, and invasive plant communities make the HWR harboring a diverse flora.
The genera Astragalus, Cousinia, and Allium are the richest; however, the dominant vegetation cover belongs to the Acantholimon, Astragalus, Artemisia and Acanthophyllum species. Characteristic mega-genera for the IT region include Astragalus, Acanthophyllum, Acantholimon, Cousinia, Eremurus Marschall von Bieberstein (1810: 61), and Eremostachys Bunge (1830: 414) (Manafzadeh et al. 2016) . Astragalus is a characteristic IT element (Manafzadeh et al. 2016 ) and according to Maassoumi (2005) , the total number of taxa of this genus in Iran is 804 so this country is one of the main center of speciation for this genus. Cousinia as one of the largest genera of Asteraceae and one of the 50 largest genera of flowering plants (Frodin 2004; López-Vinyallonga et al. 2009 ), has the highest species diversity in the IT region and the mountains of Central Asia (López-Vinyallonga et al. 2009 ).
It has been reported that 22 (Jalili & Jamzad 1999) to 24% (Akhani 2006 ) of the plant taxa are endemic to Iran. The average number of endemics per million hectares of the whole country is 10.46 species (Jalili & Jamzad 1999) . The occurrence of two sub-endemic genera viz. Diaphanoptera Rechinger (1940: 41) (Caryophyllaceae) and Sclerorhachis (Rechinger 1944 : 4) Rechinger (1968 (Asteraceae), and 64 Iranian endemic species in the HWR demonstrates a high rate of plant endemism in such a small area. The total 66 plant taxa (11.22% of the flora of HWR) are endemic to the KK floristic province, i.e. NE Iran and S Turkmenistan. The rate of the endemism in the KK is about 14% of the total flora (Memariani et al. 2016a,b) . Except for Ranunculus cicutarius Schlechtendal (1819: 25) as a Euro-Siberian/Hyrcanian (ES Hy ) regionally endemic species, all other endemics in the HWR belong to the IT region. The families over-represented in terms of endemics include Fabaceae, Asteraceae, and Lamiaceae. The genera Astragalus and Cousinia have the highest number of endemic species in the HWR. According to the "Red Data Book of Iran" (Jalili & Jamzad 1999) , there is a similar picture for families and genera of the total flora of Iran.
Most of the endemics in the study area represent hemicryptophyte or chamaephyte life-forms. Hemicryptophytes are the dominant life-form (41.50%) in the HWR followed by therophytes (28.06%). Cryptophytes (Geophytes), with different regenerating bodies, present 15.13% of species. Finally, 11.39% and 3.91% of the species are chamaephytes or phanerophytes, respectively. The cold and semi-arid climate of the HWR provide suitable conditions for the occurance of hemicryptophytes. Approximately 20% of the flora of Iran (Jalili & Jamzad 1999 ) and 13% of the World's flora (Raunkiaer 1934) are annuals. Therefore, by comparison, the flora of HWR is rich in annuals. The number of therophytes often decreases with increasing elevation as they become quite rare in the higher elevations. Nevertheless, annual species of Polygonum Linnaeus (1753: 359) and Veronica Linnaeus (1753: 9) are well-represented in the subalpine flora of HWR. Although chamaephytes have a relatively low contribution to the life-form spectrum (11.39%), they play a major role in the vegetation of the HWR as suffruticose and thorny cushion formations.
According to the classification of floristic regions (Zohary 1973 , Takhtajan 1986 , Léonard 1988 , 1993 , the study area is located in the Irano-Turanian (IT) region. IT elements comprise more than 69% of the flora of the HWR. Widespread elements (11.84%), i.e. pluri-regional, sub-cosmopolitan and cosmopolitan species, make up a remarkable proportion of the flora. The IT region is differentiated from neighboring areas by the degree of continentality, seasonality of precipitation, and winter temperature. Continentality is the most important bioclimatic factor responsible for floristic differences between sub-regions of the IT region. The vast range of the IT region appears to be homogeneous in physiognomy, but different vegetation types are extremely rich in taxonomic, genetic, and beta-diversity (Djamali et al. 2012) . Main subdivisions of IT elements in HWR are widespread IT (26.8%), Central IT (20.34%), IT elements endemic to KK floristic province (16.38%), and Central-Eastern IT (11.16%). The IT region has long been regarded as the source of many taxa, especially xerophytes, found in adjacent regions (Manafzadeh et al. 2013) . The "donor" character of the IT region, by which new species disperse into neighboring regions, renders it particularly important to a conservation standpoint.
Juniperus polycarpos is considered a resistant pioneer tree species in the harsh climatic conditions of stony slopes at elevations ranging from 1000 to 3500 m in Iran (Pirani et al. 2011 ). This plant is easily resistant to dry summers and harsh winters. It forms open woodlands mixed with Amygdalus scoparia Spach (1843: 109) and Pistacia atlantica Desfontaines (1799: 364) in the central and western parts of Iran (Zohary 1973) , and also with Acer monspessulanum Linnaeus (1753 Linnaeus ( : 1056 in the northeast of Iran (Akhani 1998 , Memariani 2016a , 2016c ; however, J. polycarpos associates with Cotoneaster Medikus (1789: 154) , lonicera Linnaeus (1753: 173) , and Ephedra Linnaeus (1753: 1040) species in the HWR. Indigenous people use J. polycarpos for the backbone of buildings, firewood, etc. In the past decades, removal of the canopy through clear-cutting was responsible for the changes of juniper woodlands to the steppes in the NE Iran.
Many water resources in the area, such as temporary and permanent rivers, streams and springs, caused a unique habitat for hydrophyte plants. Although most of such wet habitats do not have a major role in the whole vegetation of the area, but they are important ecosystems with regard to biodiversity. The riparian vegetation in the HWR consists of communities dominated mainly by Salix Linnaeus (1753: 1015) spp., Berberis integerrima, tamarix ramosissima Ledebour (1829: 424) , Rosa beggeriana Schrenk (1841: 73), and Calamagrostis pseudophragmites (Haller 1797 : 11) Koeler (1802 . The "Alatman River" and the Alatman earth-dam in the north of the HWR, surrounded densely by Phragmites australis (Cavanilles 1799: 100) Trinius ex Steudel (1841: 324), have made a suitable habitat for Zannichellia palustris Linnaeus (1753: 969) which is the only hydrophyte plant in the HWR.
Based on the Sørensen similarity Index, the floristic composition of HWR revealed the greatest similarity (57.64%), to the flora of Fereizi (Memariani et al. 2009 ). The Fereizi area is closest in distance to the HWR comparing with the two others; Ghorkhod Protected Area (Memariani et al. 2016c) and Baghshangach (Ghahreman et al. 2006) have less than 50% similarity of the floristic composition to HWR. The Fereizi and Baghshangach are located in the central Khorassan-Kopet Dagh in the Binalood mountain range, while the Ghorkhod P. A. is located in the western Khorassan-Kopet Dagh. More studies on the floristic composition of different habitats in Binalood and Kopet Dagh ranges may reveal the distinctiveness of the flora.
Anthropogenic and environmental changes decrease the resistance of ecosystem productivity to climate events and drive biodiversity loss, which probably causes ecosystem instability (Isbell 2015) . The HWR has traditionally been used for grazing, harvesting for firewood, winter forage, and medical purposes. The most important medicinal plants include: Nepeta binaloudensis Jamzad (1991: 25) (Figure 4 d Linnaeus (1753: 814) (Figure 3 e) . The additional other ecosystem services in the HWR contain clean water, hunting, climbing, tourism, etc. In recent years, the disturbing effect by the humans has arisen due to the return of aboriginal inhabitants to rural areas with new housing, introduction of invasive species, and increasing pressure of grazing (Figure 3 f) . These disturbances have led to a more urgent necessity to organize conservation activities and recording the floristic richness.
Furthermore, the HWR is housing many endemic, rare, vulnerable or endangered species. For example, Helictotrichon turcomanicum Czopanov (1970: 23) , a rare species, is reported as a second record in Iran after Memariani et al. (2016c) . The type locality for Cousinia amicorum is located in the study area. Carex serotina subsp. philocrena Kukkonen (1984: 387) and linum album Kotschy ex Boissier (1846a: 27) , mainly distributed in central and western parts of Iran, are recorded as new to the flora of Khorassan. At least ten plant species such as Nepeta binaloudensis (Figure 4 d) and Astragalus assadii Maassoumi & Podlech (in Podlech & Maassoumi 1987: 98) are endangered taxa. Many species viz. Astragalus catacamptus Bunge (1870: 191) , A. controversus Maassoumi & Podlech (in Podlech & Maassoumi 1987: 98) , etc. are vulnerable and facing a high risk of extinction in the wild in the medium-term future (Figure 4 , Appendix I). The HWR is the habitat of 114 species that are endemic to Iran or to the NE of Iran and neighbouring countries (Turkmenistan and Afghanistan). The HWR is known as the "Heaven of Mouflons" for supporting many herds of urials. Protection of the plant diversity of the HWR should be given urgent priority by government and the people of this region.
Conclusion
The occurrence of 588 species and infraspecific taxa of vascular plants in a semi-arid, continental climate condition, reveals the significance of the plant diversity of the Heydari Wildlife Refuge (HWR) in NE Iran. Diverse physiography and habitats such as springs, rivers, shallow aquifers as well as meadows, reflect the HWR harboring a diverse flora. The HWR with its high rate of plant endemism (19.56%) is home to two regionally endemic genera and 114 endemic and sub-endemic plant species. Considering the conservation status and the life-form of the plants, most of the endemics in the HWR are endangered or vulnerable which include hemicryptophytes or chamaephytes. Well-adapted to cold and drought, hemicryptophytes are dominant life-forms followed by therophytes, in the HWR. Chamaephytes as suffruticose or thorny cushions also play a major role in the vegetation, but minor in the life-form spectrum of the HWR. The HWR is located in the center of Khorassan-Kopet Dagh (KK) province of Irano-Turanian (IT) floristic region. Approximately 69% of the HWR's flora encompasses IT elements. The "donor" character of the IT region to the neighboring areas, is extensible to the HWR because it has approximately 50% floristic similarities to the adjacent areas based on the Sørensen index, besides accommodating diverse elements of IT subdivisions. Judging from an annotated list of floristic composition and diverse plant formations (cushion steppes, grasslands, sparse woodlands, hydrophytes, etc.) resulted from this study, the HWR needs an urgent priority to the government and the aboriginals for conserving and maintaining the title "Heaven of Mouflons" by supporting the urial herds' habitat. Appendix I. Checklist of vascular plants of the HWR. Life-forms: Ch (chamaephyte), G.b (bulbous geophyte), G.c (cormous geophyte), G.t (tuberous geophyte), G.r (rhizomatous geophyte), G.p (parasitic geophyte), He (hemicryptophyte), Ph (phanerophyte), Th (therophyte). Chorotypes according to Akhani (1998) and Memariani et al. (2009 Memariani et al. ( , 2016a 
